Nowadays rare earth doped glasses are becoming very interesting among researchers due to their physical and optical properties. In the present work physical and optical parameters were computed for borosilicate glasses doped with Neodymium ion. The glass samples were prepared by conventional melt quenching technique. Their final composition is (50 -x) B 2 O 3 -(10 + x) SiO 2 -10 Na 2 O -20PbO -10 ZnO-0.3 Nd 2 O 3 (where x = 0, 5, 10, 15, 20, 25, 30, 35 and 40). The amorphous nature of the glass samples was confirmed by XRD (X-ray diffraction). Composition and functional groups of the glass samples were confirmed by EDX (Energy-dispersive X-ray spectroscopy) and FTIR (Fourier transform infrared spectroscopy) respectively. SEM (Scanning Electron microscopy) and TEM (Transmission electron microscope) images were recorded. Absorption spectra have been recorded at room temperature in UV-VIS-NIR region. Energy and intensity parameters were computed for Nd 3+ doped glasses. Physical parameters were measured for the present glass. The optical energy band gap was computed for all different concentration of SiO 2 contents. It was found that with increasing of the concentration of SiO 2 contents, the values of physical parameters decreases.
Introduction
Over the last few decades, rare earth ions doped glasses have drawn much interest among the researchers due to their potential application in the development of various optical and optoelectronic devices such as, solid state laser, optical amplifier, light converters, sensors, electro-chromic display devices, solid state lightning (LED's) etc [1] . Rare earth ions play an important role in much of modern optical technology as the active constituents of materials. There are an amazing number of applications for these rare earth activated materials and much of today's cutting -edge optical technology and future innovations rely on their unique properties [2] . Nd 3+ doped glass samples are of great interest due to their wide applications as laser materials and luminescent solar concentrators [3] . The Nd 3+ ion has been used in a number of laser systems due to the relatively wide availability of samples of this ion doped in a range of host materials. In general, the properties of spectral transitions of rare earth ions can be improved by developing novel host materials [4] . Among oxide glasses borosilicate glasses are of growing interest because of their excellent optical properties in the mid infrared region and their stability. In this research paper we have selected silica and borax as host matrix. Borosilicate glasses were prepared by conventional method. We investigated optical and physical properties of Nd 3+ doped borosilicate glasses. We have computed optical energy band gap, energy parameters (i.e. Slater -Condon, Racah and bonding parameters) and intensity (i.e. Judd -Ofelt parameters) parameters.
Experimental Details

Glass Preparation
The starting materials silicon dioxide (SiO 2 ), Borax (Na 2 Grade and were procured from E. Merck (India) are 99.99% pure. The glass specimens were prepared by conventional melt quenching technique. The samples were preheated at 300 °C in electric furnace for 1 hour.
After that samples were heated by increasing temperature slowly up to 1,000 °C for 3 hours.
Homogeneity of the melt was ensured by stirring the melt by platinum rod time to time. Prepared samples were poured into preheated rectangular brass plate and annealed for 6 hours. Prepared samples were cut and polished for optical measurements. The final composition of glass specimens were collected in Table 1 .
Characterization of Glass Samples
The Characterization of the borosilicate glass specimens was done to ensure the glass formation by X-ray diffraction. From Fig. 3 it is clear that there are no crystalline peaks in this, which shows that prepared samples are amorphous in nature. Composition and functional groups are justified by the EDX and FTIR which are shown in Figs. 1 and 2 respectively. Optical absorption spectra were recorded at room temperature using UV-VIS/NIR spectrophotometer model Varian carry with a resolution of 0.5 nm. The density of the glass specimens were calculated using Archimedes principle with toluene as immersion liquid. Formula for calculating density is given in Table 2 . Optical path lengths of the glass materials were measured using digital Vernier callipers. SEM image was recorded by using FEI Quanta 200F. TEM image also has been recorded by using Tecnai G2 20.
Results and Discussion
EDX, XRD and FTIR
EDX spectrum for the present glass system is shown in Fig. 1 . From Fig. 1 it is clear that the chemicals we have used in our sample preparation are confirmed by EDX. In this image all the elements are present. FTIR spectra has been Recorded by using OMNIC software in the region (500-4,000 cm -1 ) as shown in Fig. 2 . This spectrum provides the information about the molecular vibrations and rotations related with the covalent bond. The observed bands and their respective description is given in Table 4 . X-ray diffraction patterns of the Nd 3+ doped borosilicate glass system (sample F) have been shown in Fig. 3 . The XRD patterns exhibit a broad diffuse scattering at low angles instead of crystalline peaks, which confirms the long range structural disorder characteristic of amorphous network [5] . Absence of the peaks in the graph shows its glassy nature. The angular position for the first halo is at about 2θ 28.72°.
Physical Analysis
The values of the measured density (ρ) and the calculated molar volume are given in Table 3 . The respective formula for calculating density and molar volume are given in Table 2 . Fig. 4 shows the variation of density and molar volume with SiO 2 content. It is clear from Fig. 4 concentration. Similar results for density were also observed [6] . Also for molar volume with varying host matrix, molar volume increases is reported [7] . Decrease in density is due to the replacement of B 2 O 3 (69.622) by SiO 2 (60.085) as in decrease of the molar mass of SiO 2 . In general, it is expected that the density and the molar volume should show opposite behaviour to each other [7] and our present work shows the similar behaviour. The Nd-ion concentration (N) is of great interest since it affects different properties of the host material. The number of ions per cubic centimetre was calculated according to the Eq. (3) of Table 2 [7] . The calculated values of concentration are collected in Table 3 and corresponding graph is shown in Fig. 5 .
The data shows that Nd-ion concentration decrease as SiO 2 increased, this is most likely due to the change in density.
Polaron radius and field strength are calculated by the formula given in Table 2 . Variation of polaron radius and field strength with SiO 2 concentration is shown in Fig. 6 . From Fig. 6 , it is clear that polaron radius decreases while field strength increases with increase in SiO 2 content. In general, polaron radius and the field strength show opposite trend which is observed in the present work.
Oxygen packing density (OPD) is a measure of the tightness of the oxide network [7] . It is calculated by the formula given in Table 2 . Calculated values of OPD are given Table 3 . Fig. 7 shows the dependence of OPD on SiO 2 content. From Fig. 7 , it is observed that Optical and Physical Analysis of Nd 3+ doped Borosilicate Glasses 411 
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Fig. 8 Absorption spectra of Nd
3+ doped borosilicate glass specimen at room temperature.
OPD decreases with increase in SiO 2 content. This is the indication that structure is now loosely packed with increase in SiO 2 content. Similar results were also reported [7] .
Optical Analysis
Absorption Spectra
The absorption spectra of Nd 3+ doped borosilicate glasses were recorded in UV-VIS (300-1,100 nm) region at room temperature and shown in Fig. 8 . The relation between ⍺(ω) and the photon energy of the incident radiation, is given by:
where, B is the tailing parameter, E g is the energy of the optical band gap, n depends on the type of transition (direct or indirect) taking the values n = 2, 3, 1/2 and 1/3 which corresponds to indirect allowed, indirect forbidden, direct allowed and direct forbidden transitions respectively, n also depends on the nature of the material (crystal or amorphous) [7] . According where, ∆E is usually interpreted as the width of the tail of the localized states in the band gap [9] . Generally Urbach energy values were calculated by taking the log of absorption coefficient (⍺) and by extrapolating the linear part of the graph (Fig. 10) between log ⍺ and photon energy and taking its reciprocal. The values calculated by this method are nearby equal to the reciprocal of optical energy band gap.
Energy Parameters
From absorption spectra, the values of various energy interaction parameters viz Slater -Condon (F k ), Racah (E k ) and Lande′(ζ 4f ) parameters have been computed by using the observed energies of the bands, the values of zero order energies (E 0j ) [10] and partial derivatives by the help of partial regression method [11] . The partial derivatives of the present glass system have been given in Table 5 . The values of F k , E k and ζ 4f parameters have been collected in Table 6 . In the present glass specimen, the relation among different F k parameters found as F 2 > F 4 > F 6 . It is interesting to note that the observed values of F 4 /F 2 ~ 0.138 and F 6 /F 2 ~ 0.015 are nearly same as calculated considering radial eigen function to be hydrogenic ( F 4 /F 2 ~ 0.14 and F 6 /F 2 ~ 0.015 ) [12] . The ratio of E 1 /E 3 and E 2 /E 3 are about 9.890 and 0.052 respectively, which are almost equal to the hydrogenic ratio [13] . The values of nephlauxetic ratio (β′) and bonding parameter (b 1/2 ) are 1.20 and 0.056 respectively (Table 6 ).
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Judd -Ofelt Intensity Parameters
The experimental intensity of the absorption bands have been computed in terms of line strengths (S exp ). The U matrix elements and oscillator strengths for the present glass system has been given in Table 7 .The values of Judd-Ofelt intensity [14, 15] parameters (Ω λ, λ = 2, 4, 6) have been computed using line strengths by partial regression method and have been collected in Table 8 
Conclusions
New borosilicate glass sample of (50 - 
